In response to recruitment difficulties experienced by the National Children's Study, alternatives to the door-to-door recruitment method were pilot tested. This report describes outcomes, successes, and challenges of recruiting women through prenatal care providers in Benton County, Arkansas, USA. Eligible women residing in 14 randomly selected geographic segments were recruited. Data were collected during pregnancy, at birth, and at 3, 6, 9, 12, 18, and 24 months postpartum. Participants were compared to non-enrolled eligible women through birth records. Of 6402 attempts to screen for address eligibility, 468 patients were potentially eligible. Of 221 eligible women approached to participate, 151 (68%) enrolled in the 21-year study. Enrolled women were similar to non-enrolled women in age, marital status, number of prenatal care visits, and gestational age and birth weight of the newborn. Women enrolled from public clinics were more likely to be Hispanic, lower educated, younger and unmarried than those enrolled from private clinics. Sampling geographic areas from historical birth records failed to produce expected equivalent number of births across segments. Enrollment of pregnant women from prenatal care providers was successful.
Introduction
The National Children's Study (NCS) originated in response to the Children's Health Act of 2000 which mandated a longitudinal study of the effects of the environment on children's health in the United States. 1 The study is intended to generate a nationally representative probability sample of children recruited as early in their lives as possible, preferably during the early stages of pregnancy. As it was originally conceptualized, the NCS would follow a sample of 100,000 children, born to women recruited from about 105 counties within the US, from before birth to age 21 years. 2 Seven original vanguard centers implemented the study beginning in 2007 using a household-based sampling and door-to-door recruitment approach. The goal of the study at each site was to recruit five pregnant women per week over a 17-20 month period. Because of slower than expected enrollment, new recruitment at these centers was suspended after only 1 year of operation. In response to perceived difficulties in recruitment experienced by the seven centers, alternatives to the doorto-door recruitment method were established. In early 2011, thirty new study locations were added to test alternate recruitment methods. Benton County, Arkansas, was one of ten NCS study locations that began testing the recruitment of women from prenatal care providers. Partly as a result of lessons learned from these experiences, birth cohort research studies may benefit from recruitment of women from prenatal care providers instead of householdbased recruitment. 3 The unique NCS providerbased sampling design tested here allowed for recruitment of all willing pregnant women living in defined geographic areas of the county. This report describes the outcomes, successes, and challenges of the Benton County Study Center's recruitment efforts from the offices of private practice obstetrician-gynecologists and practices serving publically insured women.
Materials and Methods

Procedure
The provider-based recruitment pilot study was intended to proceed until 100 participants were enrolled or until a steady state, defined as three consecutive weeks of approximately equal enrollment, was reached. Women were to be recruited from the offices of prenatal care providers as early in pregnancy as possible. While instructions allowed recruitment of prepregnant women, this population was deemphasized in favor of pregnant women. For those who were found to be age and geographically eligible, an appointment was made to obtain consent and potentially administer the first pregnancy interview. Subsequent data collection occurred in the third trimester of pregnancy, at the birth of the baby, and at 3, 6, 9, 12, 18 and 24 months postpartum. This study protocol was approved by the Institutional Review Board (IRB) of the University of Arkansas for Medical Sciences (UAMS). Data were primarily collected face-to-face utilizing computer assisted interviewing methods. Domains of inquiry included maternal medical history, pregnancy intentions, tobacco and alcohol use, employment and social support, housing characteristics, health insurance, pets in the home, and participant verification. Interviews after the birth of the baby included questions about environmental exposures, infant feeding, infant sleep, well baby care, immunizations, work plans, crying patterns, parenting, financial security, and health conditions. Following procedures employed in the initial household-based sampling technique, Benton County was divided into 126 geographic areas called segments intended to produce approximately equal numbers of births per year. Birth records for the six-year period 2001-2006 were geocoded according to place of residence of the mother to place births into segments. Segments were formed using natural geographic boundaries demarcating neighborhoods in densely populated areas and towns or villages in rural areas. From 126 identified segments with approximately equal number of historical births over the six-year period (110-150) 14 segments were randomly selected to comprise the secondary sampling unit (SSU). Benton County includes five small cities of population between 16,000 and 60,000. These cities comprise about 70% of the county population. The remainder of the county is rural or smaller towns. Of the 14 segments randomly chosen for inclusion, the boundaries of 9 segments were within one of the five small cities. The remaining 5 segments were rural areas. Of the 14 randomly selected segments 4 were within 1 mile of participating prenatal care provider offices, 8 were between 3 and 5 miles from participating offices, and 2 segments were more than 12 miles from the nearest participating provider office.
Determining eligibility and approaching potential participants
Research or clinic staff identified prenatal patients with eligible addresses and flagged those charts with an NCS brochure and recruitment form. Address eligibility was determined utilizing a web-based address look-up tool. Address eligible patients were approached for participation and consent at the clinic visit. All pregnant women ages 18 to 49 living within the chosen SSU were eligible for recruitment. Eligible women were given the opportunity to consent at this visit or at a later date. Research staff operated in pairs: a trained research associate data collector, and a research registered nurse. Registered nurses were key to understanding how provider offices and hospitals functioned and how the NCS could be integrated into clinic operations while disrupting patient flow as little as possible. Using a case management approach, each research staff pair remained assigned to and conducted subsequent visits with the participants they enrolled. A $25 gift card was distributed at each visit as remuneration for participation in the study.
Data capture
The Comprehensive Research Informatics Suite (CRIS) was used for data collection and management. CRIS was developed uniquely for the Benton County NCS Study Center by the University of Arkansas for Medical Sciences Bioinformatics Department. CRIS is a comprehensive set of open source software tools for electronic management of participant data. All components of the UAMS CRIS are web-based, enabling remote data capture. All applications are integrated into a portal that allows single point of access through a Federal Information Security Management Act (FISMA) secure sign on.
Analyses
Arkansas birth records that corresponded to the timeframe during which enrolled women delivered (January 2011-March 2012) were accessed to identify all births to women residing in eligible geographic segments of the county. Characteristics of enrolled women were compared to those of eligible but not enrolled using binary logistic regression. The number of births by SSU was calculated to determine whether stratification into geographic segments using historical birth data yielded anticipated numbers of births. Characteristics of women enrolled from public clinics were compared to those of women enrolled from private clinics by chi-square.
Engagement of prenatal care providers
Providers of health care to prenatal and preconceptional women were identified through contacts with the county medical society and local provider directories. Nine prenatal care provider clinics (at 12 locations) provide the vast majority of care to pregnant women in Benton County. The Benton County NCS office employed a medical liaison (RMH) to negotiate with providers and provider groups. To engage obstetricians, gynecologists, and family medicine physicians, the medical liaison met with each prenatal care practice and hospital to recruit them as research partners, establish subcontracts and memorandums of agreement, and detail customized standard operating procedures for participant recruitment unique to each site.
Hospital engagement was also necessary to ensure data collection during the birth event. Memoranda of understanding were established and customized standard operating procedures were written for each of four birthing hospitals. All hospitals agreed to participate and deferred to the UAMS IRB. None of the hospitals requested reimbursement for their participation.
Results
All prenatal care provider offices in Benton County agreed to participate in the National Children's Study. In total, there were over 50 individual providers practicing in the nine offices. These providers include six private provider offices staffed by obstetrician-gynecologists, two Federally Qualified Community Health Centers, and the local Benton County Health Department. All offices provided specific research office space for NCS recruitment purposes. Three of the nine provider offices requested reimbursement for staff time and space. The provider engagement process began in September of 2010 and the first provider office began recruitment in January 2011. The last provider office began recruitment in July 2011. As instructed by the Program Office, active recruitment ended in October 2012. The Study Center was allowed to enroll additional women who called in to the office to volunteer for the study through December 2012.
Subject recruitment
A summary of the procedural steps of study recruitment is presented in Figure 1 . During the active recruitment period, January 2011 through October 2012, 6402 attempts were made by clinic or NCS staff to identify women who were potentially eligible for the NCS based on their home address. Of the 6402 addresses reviewed, 468 belonged to women living in one of the 14 selected segments. Of these 468 address eligible women, 342 were approached to request participation. The remaining 126 included 96 women who were not approached due to age ineligibility, miscarriage or premature birth, language barriers, or delays in availability of Spanish instruments, and 30 women who we attempted to approach but were unsuccessful, most often due to repeated missed clinic visits or logistical or timing problems in the clinic that prevented an adequate discussion of the study with potential participants. Of 342 women approached, 252 (73.7%) agreed to further contact from NCS staff to learn more about the study. Initial refusals (n=90) included women who were not interested in the study as communicated by them to the doctor, clinic receptionist, or data collector, or as indicated on recruitment forms. Of 252 contacted women, 177 agreed to an initial study eligibility screener. Fifteen women, after discussing the study, were not interested in completing the initial eligibility screener and the remaining 31 were determined to be ineligible due to age, delivery prior to contact, no plans for pregnancy, or inability to conceive. After subtracting 31 ineligible women from the 252 who gave permission to be contacted, 177 of 221 (80.1%) agreed to complete the initial screener. Of 177 women who completed the initial eligibility screener, 151 or 85.3% consented to participation, and 26 refused to enroll. Of the enrolled women, 147 women were pregnant and 4 women were not pregnant but trying to conceive. Overall, of 221 eligible women contacted about the study, 151, or 68.3%, consented to participate in the NCS.
Retention of participant mothers of enrolled children and completion of data collection events is summarized in nearly two and a half year period of recruitment and data collection, the Benton County study center retained over 95% of participants and captured almost all eligible data collection events. Data collection beyond 12 months is ongoing with a number of subjects remaining in the data collection window.
Characteristics of enrolled subjects
Characteristics of mothers of enrolled children are compared to non-enrolled age and segment eligible (i.e., geographic area of residence within the county) mothers in Table 2 . Enrolled mothers were similar to non-enrolled mothers in age, marital status, number of prenatal visits, and gestational age and birth weight of their newborns. When adjusted for other characteristics, enrolled women were significantly less likely to be of Asian or Pacific Islander ethnicity and more likely than nonenrolled women to have a college degree. recruited from six clinics serving a mostly privately insured population and women recruited from the three clinics focusing on Medicaid or undocumented women. Women recruited from public clinics were significantly different than their private clinic counterparts with regard to race/ethnicity, education, age, marital status, and number of prenatal care visits. A higher percent of public clinic recruits were Hispanic, less educated, younger, unmarried, and had fewer prenatal visits. To determine whether pre-determined geographic segments produced more or less equal numbers of new births in each segment as intended by the sampling design, Arkansas birth records were analyzed for births per segment within the recruitment period. While 10 of the 14 segments had 13 to 23 births each (mean 18.1), two segments had 25 and 29 births, one segment had 9 births, and surprisingly one segment had 85 births. Enrollment varied across segments. Because of phased clinic engagement over the 10 months of active recruitment, we did not expect to capture all or most of the births to segment residents. Of all segment-eligible births during the recruitment period (n=329), 45% of births (n=147) were successfully captured. Table 4 illustrates the distribution of eligible births, enrolled births and capture rate per segment. Between 30 and 50 percent of eligible women were enrolled from seven segments. Fewer than 20% of eligible women were enrolled from three segments, and between 53 and 85 percent of eligible women were enrolled from four segments.
Initial recruitment efforts at each newly engaged clinic yielded a large number of existent pregnant women, many of whom were in their second or third trimester. As recruitment proceeded, primarily newly pregnant women were identified and screened. Therefore, a bolus in gestational age at consent was expected and observed as clinics gradually came on line. This resulted in a significant decline in weeks of gestation of enrolled women over the engagement period from a mean of 25.5 weeks during the first 3 months of recruitment at a given clinic to a mean of 19.2 weeks in the remaining months.
Discussion
Employing a provider-based recruitment method based on pre-determined geographic eligibility, 68% of contacted eligible women were enrolled into a study to follow their newborn infants for 21 years of their lives. Given a growing reluctance of the population to participate in increasingly complex epidemiologic research and the required commitment to ongoing follow up for 21 years, 4,5 the participation of two-thirds of contacted eligible women is considerable. Recruitment rates of all eligible women from the seven original NCS vanguard centers (61%) and one other NCS provider-based recruitment site (75%) were similar to the rate observed here, [6] [7] [8] [9] and within the published range of recruitment (25-74%) reported by other prospective pregnancy studies with similar recruitment methods. 5, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Women enrolled in the NCS from Benton County were similar to non-enrolled segment eligible women across most socio-demographic characteristics with the exception of fewer than expected Asian or Pacific Islander mothers and more than expected college graduates. Educational results are similar to the combined prenatal and preconception cohort recruited into the Right from the Start study and the prenatal cohort enrolled in the Pregnancy, Infection, and Nutrition study. 15, 16 In contrast to the Wayne County NCS sample that included significantly more black women, lower educated women, and women who received fewer prenatal visits than nonenrolled eligible births, 8 enrolled sample and non-enrolled births were similar across these characteristics. Underrepresentation of infants born to Asian and Pacific Islander mothers could bias the enrolled sample toward better perinatal outcomes. Previous research has shown these ethnic groups to have higher than normal risk of pre-term delivery, gestational diabetes, low birth weight, and macrosomia. 21 Inclusion of the two federally qualified health centers and the county health department prenatal clinic in the provider mix effectively eliminated the potential bias of sampling pregnant women only from private clinics. Enrollment of women from these clinics resulted in a final sample closely approximating the birth population in race/ethnicity, age, marital status, number of prenatal visits, and gestational age and birth weight of their newborns. Promislow and colleagues have also shown that recruitment of pre-pregnant and pregnant women from both public and private prenatal clinics is essential for appropriate representation of minorities, lower income, and those with less favorable health behaviors. 16 By design Benton County was partitioned into geographic segments of approximately equal numbers of births based on past birth records. Historical births were geocoded according to mother's place of residence to assign births to segments. Births from 2001 through 2006 were the most recent set of 6-years of data available to us at the time of the contract submission in 2008. Of 126 segments generated, subject eligibility was restricted to 14 randomly chosen segments. Unfortunately the geographic distribution of women of reproductive age in the county changed significantly by the time the study entered the field in 2011. From 2001 to 2010 births to residents of Benton County grew from 2197 to 3234. Perhaps because of new residential developments, one segment in particular was home to over four times the number of births in 2011 compared to the average across the remaining 13 sampled segments. Outdated information on the geographic distribution of births combined with new residential distribution led to unintended consequences of unequal geographic eligibility across the county. A similar outcome was observed in the Queens, New York NCS site. Use of birth records 5 to 7 years out of date to construct geographic segments resulted in capture rates that varied among segments from 8 to 96%. 7 In the 10 months of active recruitment plus five months of passive recruitment over 150% of the targeted number of women and infants were enrolled into the National Children's Study. Success of this recruitment experiment can be traced primarily to the characteristics of the county and early operations decisions. Among all 105 counties sampled for the National Children's Study, the annual birth population of 3234 in Benton County is smaller than 61. Only nine provider groups and 50 unique providers offer prenatal care to county women. Compared to counties with 25,000 or more births per year and as many as 600 providers, 8 the scope of the operational challenges of Benton County were easily manageable. Early decisions by the Principal Investigator (CAH) and Project Director (PAM) to assemble a data collection team with sufficient representation by well-trained nurse professionals allowed for easier integration of the project into the routine patient flow of the clinic. The decision to pair research nurse interviewers with research associate interviewers and to assign each pair to a set of clinics and a set of research subjects served to assure the integrity and continuity of the study and the comfort and familiarity of research subjects with program staff. 5 Similar to other studies of recruitment from prenatal care providers, 17 an individualized approach to procedures within each clinic was a necessity. Weekly or biweekly meetings with clinic managers ensured best practice by trouble shooting processes as a team. While largely successful, the Benton County experience has also been met with a series of challenges, most attributable to a large multicenter study developing over time. First, the secondary sampling unit of geographic segments within the primary sampling unit of the county necessitated the investigation of over 6000 potential addresses to generate about 470 geographically eligible potential subjects. Secondary sampling in smaller geographic segments was likely a hold over from the household-based sampling schema employed by the seven original vanguard centers. Theoretically, door-to-door sampling from households could be made more efficient by clustering eligible households within blocks or neighborhoods. These efficiencies were not realized with provider-based recruitment, were likely not necessary, and did not produce the expected equal distribution of births across geographic areas. In larger counties, geographic sampling would likely entail great effort with little gain. Second, multiple changes in data collection instruments and protocols occurred in the 10 months of subject recruitment. Each change required a new submission to the UAMS IRB -37 unique submissions in all. Each change also required numerous new programming tasks to update the computer assisted data collection instruments.
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Third, operation of this study within the constraints of a federal contract also presented unique challenges. Because of the Federal Information Security Management Act (FISMA), UAMS was required to develop an extensive data security plan. This plan took 9 months and many person hours to finalize. The policy of facilitated decentralization adopted by the program office also required that each Study Center expend considerable resources to develop their own information management system. Engagement of providers was extremely successful in Benton County. All agreed to participate. Fully 57% of counties initially sampled by NCS are of small to midsize similar to Benton, allowing for efficient engagement of all providers. In very large counties sampling from providers based on size of prenatal care practice could eliminate the necessity of a secondary sampling unit. All patients from sampled providers who lived in the county would be eligible for inclusion. This potential design has been described by NCS Principal Investigators. 17, 18 
Conclusions
Enrolling pregnant women from prenatal care providers can be accomplished efficiently in geographic areas like Benton County where there are a manageable number of providers. Cooperation of providers and ultimately participants is highly dependent on qualified, welltrained staff that understands the operations of a busy clinic, can develop strong relationships with clinic staff, and can communicate the importance of the participation in a 21-year study to potential subjects.
